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Proteomics and peptidomics could benefit from simple methods for 
higb-resolution separation of oligopeptides analogous to slab gel 
electrophoresis of proteins. Gels of Pluronic F127 copolymer surfactant 
were investigated as media for slab gel electrophoresis of oligopeptides 
using a trypsin digest of myoglobin. Concentrated solutions of Pluronic 
F127 am fluid at low temperatures (< 5°C) , but become a 
gel-like micellar liquid crystal upon warming. Nucleic acids are well 
separated by electrophoresis in these gels as previously shown by Rill and 
Liu. Good separations of myoglobin tryptic peptides were accomplished by 
electrophoresis on slab gels of 24% Pluronic F127 or 15% polyacrylamide 
using the alkaline Laemmli buffer system (without sodium dodecyl sulfate) . 
Labeling of peptides with the succinimidyl ester of Cascade Yellow 
(CY) prior to electrophoresis allowed sensitive detection with blacklight 
illumination at 365 nm. Labeled tryptic peptides were identified 
by matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) - 
mass spectrometry. An inverse dependence of 

electrophoretic mobility on mass of peptides with charge Z = -1 
was observed in both media. Two-dimensional (2-D) electrophoresis of 
myoglobin peptides on polyacrylamide, then on Pluronic media, at pH 8.3 
indicated that the primary separation mechanism of most peptides was the 
same in both media. A few off -diagonal spots indicated that some peptides 
were preferentially retarded in Pluronic gels, perhaps due to hydrophobic 
effects. The ease of gel preparation and peptide recovery are advantages 
of Pluronic F127 gels for oligopeptide electrophoresis. The two media can 
be combined conveniently for 2-D electrophoresis, providing means to 
facilitate protein identification and peptidomics. . COPYRGT . 2004 
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim. 
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LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Understanding structure-function relationships and mechanisms of signal 
transduction in G-protein-coupled receptors (GPCRs) is becoming 
increasingly important, both as a fundamental problem in membrane biology 
and as a consequence of their central role as pharmacological targets. 
Their integral membrane nature and rather low natural abundance present 
many challenging problems. Using a recently developed technique, 
plasmon-waveguide resonance (PWR) spectroscopy, we investigated 
the structural changes accompanying the binding of ligands to the human 
5-opioid receptor { hDOR ) immobilized in a solid-supported lipid 
bilayer. This highly sensitive technique can directly monitor changes in 
mass density, conformation, and orientation occurring in such thin 
proteolipid films. Without requiring labeling protocols, PWR 
allows the direct determination of binding constants in a system very 
close to the receptor's natural environment. In the present study, 
conformational changes of a proteolipid membrane containing the hDOR were 
investigated upon binding of a variety of peptide and nonpeptide agonists, 
partial agonists, antagonists, and inverse agonists. Distinctly 
different structural states of the membrane were observed upon binding of 
each of these classes of ligands, reflecting different receptor 
conformational states, and the formation of each state was characterized 
by different kinetic properties. Binding constants, obtained by 
quantifying ^ the extent of conformational change as a function of the 
amount of ligand bound, were in good agreement with published values 
determined by radiolabeling methods. The results provide new insights into 
ligand- induced GPCR functioning and illustrate a powerful new protocol for 
drug development. 
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AB Plasmon-waveguide resonance (PWR) spectroscopy is an optical 

technique that can be used to probe the molecular interactions occurring 
within anisotropic proteolipid membranes in real time without requiring 
molecular labeling. This method directly monitors mass 

density, conformation, and molecular orientation changes occurring in such 
systems and allows determination of protein- ligand binding constants and 
binding kinetics. In the present study, PWR has been used to monitor the 
incorporation of the human p (2 ) -adrenergic receptor into a 
solid-supported egg phosphatidylcholine lipid bilayer and to follow the 
binding of full agonists (isoproterenol, epinephrine), a partial agonist 
(dobutamine) , an antagonist (alprenolol) , and an inverse agonist 
(ICI-118, 551) to the receptor. The combination of differences in binding 
kinetics and the PWR spectral changes point to the occurrence of multiple 
conformations that are characteristic of the type of ligand, reflecting 
differences in the receptor structural states produced by the binding 
process. These results provide new evidence for the conformational 
heterogeneity of the liganded states formed by the p (2) -adrenergic 



receptor. 
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Comparative proteomic studies can lead to the identification of protein 
markers for disease diagnostics and protein targets for potential disease 
interventions. An inverse labeling strategy based on 
the principle of protein stable isotope labeling and 
mass spectrometric detection has been successfully 
applied to three general protein labeling methods. In contrast 
to the conventional single experiment approach, two labeling 
experiments are performed in which the initial labeling is 
reversed in the second experiment. Signals from differentially expressed 
proteins will distinguish themselves by exhibiting a characteristic 
pattern of isotope intensity profile reversal that will lead to the rapid 
identification of these proteins. Application of the inverse 
labeling method is demonstrated using model systems for protein 
chemical labeling, protein proteolytic labeling, and 
protein metabolic labeling. The methodology has clear advantages 
which are illustrated in the various studies. The inverse 
labeling strategy permits quick focus on signals from 
differentially expressed proteins (markers/targets) and eliminates 
ambiguities caused by the dynamic range of detection. In addition, the 
inverse labeling approach enables the unambiguous 

detection of covalent changes of proteins responding to a perturbation. 
.COPYRGT. 2002 Elsevier Science B.V. All rights reserved. 
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SUMMARY LANGUAGE: English 

AB Tunicamycin is a reversible inhibitor of polyprenolphosphate : 

N-acetylhexosamine-l-phosphate translocases and is produced by several 
Streptomyces species. We have examined tunicamycin biosynthesis, an 
important but poorly characterized biosynthetic pathway. Biosynthetic 
precursors have been identified by incorporating radioactive and stable 
isotopes, and by determining the labeling pattern using 
electrospray ionization-collision induced dissociation-mass 
spectrometry (ESI-CID-MS) , and proton, deuterium, and C-13 nuclear 
magnetic resonance (NMR) spectroscopy. Preparation and analysis 
of [uracil-5- (2)H] -labeled tunicamycin established the complete 
ESI-CID-MS fragmentation pathway for the major components of the 
tunicamycin complex. Competitive metabolic experiments indicate that 7 
deuteriums incorporate into tunicamycin from [6 , 6 ' - (2 ) H, (2 ) H] - 
labeled D-glucose, 6 of which arise from D-GlcNAc and 1 from 
uridine and/or D-ribose. Inverse correlation NMR experiments 
(heteronuclear single -quantum coherence (HSQC) ) of ( 13 ) C-labeled 
tunicamycin enriched from D-[1-(13)C] glucose suggest that the unique 
tunicamine 11-carbon dialdose sugar backbone arises from a 5 -carbon 
furanose precursor derived from uridine and a 6 -carbon 

N-acetylamino-pyranose precursor derived from UDP-D-N-acetylglucosamine . 
The equivalent incorporation of (13) C into both the a-1" and 
p-11' anomeric carbons of tunicamycin supports a direct biosynthesis 
via 6-carbon metabolism. It also indicates that the tunicamine motif and 
the a-1" -linked GlcNAc residue are both derived from the same 
metabolic pool of UDP-GlcNAc, without significant differential metabolic 
processing. A biosynthetic pathway is therefore proposed for tunicamycin 
for the first time: an initial formation of the 11-carbon tunicamine sugar 
motif from uridine and UDP-GlcNAc via uridine- 5 ' -aldehyde and 
UDP-4-keto-6-ene-N-acetyl-hexosamine, respectively, and subsequent 
formation of the anomeric- to-anomeric a, p-l M , 11 ■ -glycosidic 
bond . 
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(T-20) is the first of a novel class of human 
(HIV) drugs that block gp41-mediated viral fusion 
to host cells. The objectives of this study were to develop a structural 
pharmacokinetic model that would adequately characterize the absorption 
and disposition of enfuvirtide pharmacokinetics after both intravenous and 
subcutaneous administration and to evaluate the dose proportionality of 
enfuvirtide pharmacokinetic parameters at a subcutaneous dose higher than 



that currently used in phase III studies. Methods: Twelve patients with 
HIV infection received 4 single doses of enfuvirtide separated by a 1-week 
washout period in an open-label, randomized, 4-way crossover 
fashion. The doses studied were 90 mg (intravenous) and 45 mg, 90 mg, and 
180 mg (subcutaneous) . Serial blood samples were collected up to 48 hours 
after each dose. Plasma enfuvirtide concentrations were measured with use 
of a validated liquid chromatography- tandem mass 
spectrometry method. Results: Enfuvirtide plasma 

concentration-time data after subcutaneous administration were well 
described by an inverse Gaussian density function- input model 
linked to a 2 -compartment open distribution model with first-order 
elimination from the central compartment. The model-derived mean 
pharmacokinetic parameters (±SD) were volume of distribution of the 
central compartment (3.8 ± 0.8 L) , volume of distribution of the 
peripheral compartment (1.7 ± 0.6 L) , total clearance (1.44 ± 0.30 
L/h) , intercompartmental distribution (2.3 ± 1.1 L/h) , bioavailability 
(89% ± 11%), and mean absorption time (7.26 hours, 8.65 hours, and 9.79 
hours for the 45-mg, 90-mg, and 180-mg dose groups, respectively) . The 
terminal half -life increased from 3.46 to 4.35 hours for the subcutaneous 
dose range from 45 to 180 mg. Conclusions: An inverse Ganssian 
density function- input model linked to a 2 -compartment open distribution 
model with first-order elimination from the central compartment was 
appropriate to describe complex absorption and disposition kinetics of 
enfuvirtide plasma concentration-time data after subcutaneous 
. administration to patients with HIV infection. Enfuvirtide was nearly 
completely absorbed from subcutaneous depot, and pharmacokinetic 
parameters were linear up to a dose of 180 mg in this study. 
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AB Systematic analysis of proteins is essential in understanding human 
diseases and their clinical treatments. To achieve the rapid and 
unambiguous identification of marker or target proteins, a new procedure 
termed "inverse labeling" is proposed. With this 

procedure, to evaluate protein expression of a diseased or a drug- treated 

sample in comparison with a control sample, two converse labeling 

experiments are performed in parallel. The perturbed sample (by disease or 

by drug treatment) is labeled in one experiment, whereas the 

control is labeled in the second experiment. When mixed and 

analyzed with its unlabeled counterpart for differential comparison using 

mass spectrometry, a characteristic inverse 

labeling pattern of mass shift will be observed between 

the two parallel analyses for proteins that are differentially expressed. 
In this study, protein labeling is achieved through (18)0 

incorporation into peptides by proteolysis performed in [ (18) O] water . Once 
the peptides are identified with the characteristic inverse 
labeling pattern of (18)0/(16)0 ion intensity shift, MS data of 



peptide ^ fingerprints or peptide sequence information can be used to search 
a protein database for protein identification. The methodology has been 
applied successfully to two model systems in this study. It permits quick 
focus on the signals of differentially expressed proteins. It eliminates 
the detection ambiguities caused by the dynamic range of detection on 
proteins of extreme changes in expression. It enables the detection of 
protein modifications responding to perturbation. This strategy can also 
be extended to other protein-labeling methods, such as chemical 
or metabolic labeling, to realize the same benefits. 
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AB We studied peripheral lymphocyte HPRT variant frequency and endogenous 
nitrosation in human populations exposed to various nitrate levels in 
their drinking water. Four test populations of women volunteers were 
compared. Low and medium tap water nitrate exposure groups (14 and 21 
subjects) were using public water supplies with nitrate levels of 0.02 and 
17.5 mg/1, respectively. Medium and high well water nitrate exposure 
groups (6 and 9 subjects) were using private water wells with mean nitrate 
levels of 25 and 135 mg/1, respectively. Higher nitrate intake by drinking 
water consumption resulted in a dose -dependent increase in 24 -hr urinary 
nitrate excretion and in increased salivary nitrate and nitrite levels. 
The mean log variant frequency of peripheral lymphocytes was significantly 
higher in the medium well water exposure group than in the low and medium 
tap water exposure groups. An inverse correlation between 
peripheral lymphocyte labeling index and nitrate concentration 
of drinking water was observed. Analysis of N-nitrosamine in the urine of 
22 subjects by gas chromatography-mass spectrometry 

revealed the presence of N-nitrosopyrolidine in 18 subjects. Analysis of 
the mutagenicity of well water samples showed that a small number of the 
well water samples were mutagenic in the Ames Salmonella typhimurium test 
after concentration over XAD-2 resin. In conclusion, consumption of 
drinking water, especially well water, with high nitrate levels can imply 
a genotoxic risk for humans as indicated by increased HPRT variant 
frequencies and by endogenous formation of carcinogenic N-nitroso 
compounds from nitrate-derived nitrite. 
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AB Marked changes in the plasma concentration of several non-glucose 

monosaccharides have been detected among patiens with end-stage renal 
disease. To find changes specific to renal disease and not caused by a 
failing urinary excretion, we studied the plasma monosaccharide 
concentration in patients with early-stage glomerulonephritis whose renal 
function was normal or only mildly compromised. Plasma mannose, fructose 
and 1, 5-anhydroglucitol (1,5-AG) concentrations were measured using gas 
chroma tography/mass spectrometry and i sot ope - 
labelled sugar standard additions. The daily urinary protein 
excretion was positively correlated with the plasma cholesterol (r = 
0.785), mannose (r = 0.550), triglyceride (r = 0.531) and fructose (r = 
0.401) concentrations, while the correlation with 1,5-AG (r = -0.581) was 
inverse. The correlations were statistically significant. As 
previous studies have revealed a close positive correlation between the 
plasma mannose and glucose concentrations, we calculated the 
mannose/glucose concentration ratio to find out whether the increase in 
mannose concentration was or was not explained by ambient glucose. There 
was a strong correlation between the ratio and the urinary protein 
excretion (r = 0.704). It is inferred that the metabolic syndrome 
associated with glomerulonephritis and characterised by hyperlipidemia 
also involves a derangement in mannose and 1,5-AG metabolism. 
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AB 1. Stable isotope methods are being used to investigate the absorption of 
dietary iron. In order to be certain that this new methodology is 
accurate, we have compared results obtained using stable isotopes and 
inductively coupled plasma mass spectrometry with 

those determined using a radioisotope and whole body counting. 2. The 
stable isotope 54Fe (2.8 mg) was given to 10 healthy non-pregnant women. 
Six women received the isotope in aqueous form, and four took it with a 
meat meal. The 54Fe served as a carrier for 10 ng of the radioisotope 
59Fe. An ampoule (200 ug) of the isotope 57Fe or 58Fe was then given 
intravenously, and in serum samples taken over the next lOh the ratios of 
the stable iron isotopes were measured by inductively coupled plasma 
mass spectrometry and the oral iron absorption was 

calculated. This was then compared with the results obtained by using a 
whole body counter to measure (on day 0 and day 14) the y-activity 
emitted by the radioisotope. 3. The mean iron absorption measured by both 



methods ranged from 8% to 45%. Measurement of the post -absorptive serum 
enrichment of the stable isotopes provided estimates of absorption from 
both aqueous and food iron which were similar to that yielded by whole 
body counting, the mean difference being -1.5% (95% confidence interval 
-5.2 to 2.1%). Absorption estimated by stable isotopes exhibited the same 
inverse relationship with the serum ferritin level (body iron 
stores) to that known to exist with whole body counting. Similar estimates 
of food iron absorption were obtained irrespective of the type of isotope 
used as an extrinsic label, implying that stable isotopes are as 
valid as radioisotopes in reflecting intrinsic food iron absorption. 4. 
This study validates the use of stable isotopes and post- absorption 
curves as a new and accurate technique in the measurement of iron 
absorption . 
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AB B lymphocytes from CBA/J mice were stimulated in splenocyte cultures for 
72 h with various endotoxins. Bisphosphoryl lipid A from Escherichia coli 
had the highest stimulatory effect followed by LPS of Citrobacter freundii 
and Salmonella minnesota as measured by [3H] thymidine uptake. Gangliosides 
of stimulated B cells (metabolically labeled with 

D- [1-14C] galactose and D- [1- 14C] glucosamine) and unlabeled gangliosides 
from resting B cells (prepared from spleens without stimulus) were 
analyzed by high-performance TLC, DEAE anion-exchange HPLC, and 
immunostaining procedures. Contents of ganglioside-derived sialic acids, 
quantified by HPLC as their fluorescent derivatives, decreased from 
stimulated to resident B lymphocytes in the following order: LPS S. 
minnesota > LPS C. freundii > bisphosphoryl lipid A E. coli > resting B 
cells. Gangliosides of resting B cells contained more N- glycolyl- than 
N-acetylneuraminic acid, whereas inverse ratios were found in 
activated cells, indicating a shift from N-glycolyl- to N-acetylneuraminic 
acid due to stimulation. Furthermore, a higher disialoganglioside content 
was characteristic for activated B cells. Fast atom bombardment 
mass spectrometry was performed with permethylated mono- 

and disialoganglioside fractions of LPS S. minnesota and LPS C. freundii 
stimulated B cells. Major gangliosides were G (Mia) and G(Dla) beside 
minute amounts of G(Dlb). The structural heterogeneity in the gangliosides 
was caused by (a) N-substitution of the sialic acids with either acetyl or 
glycolyl groups, (b) variation in the long-chain base (sphingosine, 
sphinganine) , and (c) substitution of the ceramide moiety by fatty acids 
of different chain length and degree of unsaturation (C(16:0), 
C (24: 0,24:1) ) . In summary, these findings indicate the predominance of the 
G (Mia) pathway in murine B lymphocytes whereas G(Mlb)- type gangliosides 
are preferentially expressed in T lymphocytes as well as macrophages. 
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AB Quantitation of individual bile acids in serum can be carried out with 
radioimmunoassays or with gas chromatography. The most specific 
measurements are obtained with combined gas chromatography /mass 
spectrometry employing stable isotope labelled bile 

acids as internal standards . So far only the use of deuterated internal 
standards has been described for this purpose. 24 -13C-labelled 
bile acids have not been used since correction for the natural abundance 
of the 13C contribution has to be made. Furthermore, the maximal degree of 
labelling of 13C-labelled bile acids is about 90%. This 

requires additional correction for the percentage of unlabelled molecules. 
Using 13C-labelled bile acids as internal standards and adequate 
corrections for isotope interference we have measured individual serum 
bile acids in healthy volunteers by inverse isotope dilution 
with coefficient of variation (CV) values of 5.4-6.2% determined for the 
total procedure of sample preparation and analytical technique. In fasting 
serum of 15 healthy volunteers chenodeoxycholic acid averaged 0.98 ± SD 
0,77 jLimol/1, cholic acid 0.49 + 0.39 umol/1 and deoxycholic acid 
1.07 + 0.68 umol/1. Two hours postprandially these values increased 
to 2.42 ± 1.46 umol/1 for chenodeoxycholic acid, 0.81 ± 0.45 
umol/1 for cholic acid and 1.66 ± 1.02 umol/1 for deoxycholic 
acid. These data agree well with those described in the literature 
obtained with deuterated internal standards. It may be concluded that 
24-13C-labelled bile acids are suitable as internal standards 
for quantitation of serum bile acids, if corrections for isotope 
interferences are made. 
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AB A method for the quantitative determination of chlorpromazine and five of 
its major metabolites in a single sample of biological fluid in the ng/ml 
range has been developed utilizing gas chromatography/mass 
spectrometry with selected ion recording. The assay is highly 
specific and quantification is accomplished by an inverse stable 
isotope dilution technique, using deuterium-labeled variants of 
the compounds as internal standards. In this way the concentrations of 



chlorpromazine and five of its major metabolites (the sulfoxide, the 
N-oxide, the monodemethylated, the didemethylated, and the 7 -hydroxylated 
compounds) can be determined in biological fluids. Levels in humans have 
been measured both in plasma and in red blood cells and are compared to 
those found in related in vitro studies. 
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English 

A new metabolic pathway of theophylline has been investigated in premature 
human newborns using the ion cluster technique of stable isotope 
labelling combined with gas chromatography mass 
spectrometry. Labelled caffeine, paraxanthine and 

theobromine have been found in plasma and urine of two pretern newborns 
receiving [1, 3-15N] # ] 12-13C] theophylline for the treatment of primitive 
apneas. Theophylline is converted to caffeine by N-7 methylation. In 
adults, the inverse process exists wherein caffeine is 
demethylated to give theophylline. 
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AB After administration of tritium- labeled mazindol (I) six to 

seven metabolites from rat, dog, and human urine were isolated by 

Amberlite XAD-2 extraction, DEAE-Sephadex chromatography, and preparative 

thin- layer chromatography and characterized by mass 

spectrometry. In addition, six mazindol -related substances present 

in trace quantities were also characterized by mass 

spectrometry. The major metabolite in all three species was 

5- (p-chlorophenyl) -2 , 5-dihydro-5 -hydroxy- 3H-imidazo [2, 1-a] isoindol-3 -one 

(II) . Also present, but in lesser amounts, in all three species were 

5- (p-chlorophenyl) -2, 5-dihydro-2 , 5 -dihydroxy-3 H-imidazo[2, 1-a] isoindol-3 - 

one (III), what is probably 3- (p-chlorophenyl) -2 -glycyl- 3 -hydroxy- l- 

isoindolinone (IV) , and a fourth metabolite of unknown structure (VII) . 

2- (p-Chlorobenzoyl) -N-2- (aminoethyl) benzamide (VI) , a major urinary 



metabolite in man, was characterized by mass 
spectrometry, synthesized, and quantitated by inverse 

isotope dilution in human urine (12.0% of the dose) and in dog (7.3% of 
the dose) and rat (0.64% of the dose) urine and feces. VI, as a conjugate, 
was also shown to be the most slowly excreted of the human metabolites 
with a half -live of ca . 5.25 days. The dog was the only one of the three 
species studied to excrete 3- (p-chlorophenyl) -3 -hydroxy-l-oxoisoindoline-2 - 
acetic acid (IX) . Rat urine contained no conjugated metabolites; II and VI 
were found as conjugates in human urine; only IV was found in the 
conjugate fraction from dog urine. The latter may have arisen by 
hydrolysis of II during workup. 
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Three metabolites of tritium labeled mazindol were isolated from 
rat urine by the inverse isotope dilution technique in which the 
labeled metabolites were synthesized by a second, smaller group of 
rats. These metabolites were isolated by Amberlite XAD 2 chromatography 
and silica gel column and preparative thin layer chromatography. The major 
metabolite (II) was shown by mass spectrometry of its 
trimethylsilyl derivative, NMR spectroscopy, and degradation 
studies to be 5 (p chlorophenyl) 2,5 dihydro 5 hydroxy 3H imidazol [2,1 a] 
isoindol 3 one. A comparison of its mass spectrum with that of 
an authentic sample prepared from 1 (p chlorophenyl) 3 ethoxy 1 methoxy 1H 
isoindole and glycine ethyl ester confirmed the assignment. Metabolite III 
was shown by its mass spectrum, NMR spectrum, degradation, and 
analogy with metabolite II to be 5 (p chlorophenyl) 2,5 dihydro 2,5 
dihydroxy 3H imidazo [2,1 a] isoindol 3 one. Only a small amount of 
metabolite IV was isolated as an artifact, 3 (p chlorophenyl) 2 glycyl 3 
methoxy 1 isoindolinone , as shown by its mass spectrum and 
degradation to 2 (p chlorobenzoyl ) benzoic acid. The metabolite IV is 
believed to be the corresponding 3 hydroxy compound. Synthesis of IV by 
base catalyzed hydrolysis of metabolite II supports the structural 
assignment. In addition, the facile conversion of synthetic IV into the 
corresponding 3 methoxy derivative by acidic methanol was also observed. 



